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(5 7) Abstract 

PURPOSE: To increase the critical film thickness of a strained 
quantum well layer by constituting the average strain of a stress 



compensation type strained quantum well layer within the range of a 
certain specific value which is a positive value. 

CONSTITUTION: A stress compensation type strained quantum well 
layer 3 is provided between the layers 13a, 13b of 60nm thick in 
which In is 0.85, Ga 0.15, As 0.32 and P 0.6. The stress 
compensation type strained quantum well layer 3 is formed by 
alternately laminating a barrier layer 1 2 which is a tensile- strained 
layer having a smaller lattice constant than that of an InP substrate 
1 and a well layer 1 1 which is a com press ive-stra in ed layer having a 
larger lattice constant than that of the InP substrate 1 . When the 
average strain of the stress compensation type strained quantum 
well layer is &epsi;ave., and &epsi;ave.=<&epsi;w.tw+&epsi;b.tb)/ 
(tw+tb) and also &verbar&epsi;w&verbar;>0.001 , 
&verbar f &epsi;b&verbar;>0.001 t where a lattice constant as is 
adopted as a substrate, aw a well layer and ab a barrier layer, a 
strain: &epsi;w is adopted as a well layer and &epsi;b a barrier layer, 
and a layer thickness: tw is adopted as a well layer and tb a barrier 




layer. 
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2/im, -V 'J 7fig p 14 1 xl 0 18 cm -3, n M I n P 
*7^Kl3 4(DlJliO. 5/im, *^'J7ilfintt 
1 x 1 o18 cm -3^ pgl n Plfca^l3 5©llStt1 
U m, ^r-V'J7;Igpli1 x 1 0^cr3 N nUl nP| 
/^^P^<7jf3 6(DJS£I41 urn, ^-V U 7;1S n (4 5 
x 1 o18cm-3 s pgi n P ® 2S ? O <7 Jf 3 7 (4 
1//m, +-V'J7;If pf*1 x 1 0^cr3, pglnG 
a A s Pytffl£&tbm4 3 a CDJ5$I4 5 0^->^X hP 
-A(5nm), U7«JSptt1 x 1 o18cnr3 % n 

SI nGaAs P 3fcBJ CaitoJI 4 3 b <7)j?£ (4 5 0 * > 
hP-A (5 nm) , + U Tslffi n (4 1 x 1 o18 
cm-3-efe^ 0 

[0 0 3 9] Sfc, pflltft3 8ttT i/Pt/Au© 
£JB*Rfr&fcy . nfflnHl3 9 14 A u/G e/N i / 
Au(Dliti^b5§o Jfe«K4 0(DttKf4S i 02 

[0 0 4 0] B7l4ffi^M«^^S^#^>5tt)l3 3 5fi 
52C0ffi*Bft®|I]-efc3 o HICfcl^T. 4 1 14 I n G a A 
sP^x;Ujf, 4 2 14 I nG a A s P^ l J7ST?fe^> 0 

[0041] ^mmmizts^xit. j6**i«§!s*^# 

x;uji4i. Stf/<'J7J14 zot&tiL. RlSMmZWife 

;S14H3 3C0¥iS^i^H-O. 2%~-f-0. 6%<D$gS 
«t&4«fc 5l3^x;uJi4 1 , 'J TM 4 2 (D^J$, 

14H3 3(00x;H4 1 (DSa**#<-rsct*<pIg6 
tfty. r 5x;H4 10)Il^?<t5Zi:lr t t:iJ, 

T*I4, ^x;H8$^<tl)Zt ^RlftBt^y . ^x;H& 

[o o 4 2] nffi#ij3. m8it*mBM0m3<Dmmffliz 
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fcSo Hdfcl^T. 5 1 I* I n PStSTfe^). n 

I nP^r; KB 5 2 l£lfc$K 5 1 ilciSB^fr-g),, n M 

I nP5 7'VKH5 2fflA16<)4-iIli2//ni, *V 'J 
7;1Snli1 x 1 o18 C m-3T?35-i)„ n^^^-y KB 5 2 

I*. ja&ltt&(H£l7WfeJ«$;h.-5, nflnGaAsP* 
H-i KI5 3linM I nP^77^ KB 5 2 ±|ClHB£*L 

-5, ^^& < )^^IaaA<^f$)«$4^fc$p^^•l;^3^,^Tl*. n si 

n P ^ 7 7 KB 52tnll n G a A s P %H<< KB 5 
3<D|?®IC|al^te^ 5 4*<ff$fijt£*l£, 0 S^L/cCL^l 
;H1, &U^\'U7B£«&B£5lc»BLT&£j£7J*S 

#P3fc*;£S&B5 61*. Kl5 3±©f*ftL/- 

-^SBir&SSltfi-. &.Xfft$im&& (itBtit) irfc 
Sgi5»lr^^lHSS+l.So S»^-#P;514B 5 5 £ 
MtS^iiH, &U^yTBI*^S^ L #P; l , c2»5£S§ 
15 6 s^i^B, StZ/^jTliHlK'Ec 

otU5. CtD.fcafc^a^FSIiBS 5, 

J&glCfcy. |B]B*|Cff$j«t-^Ci:A<-e#-5 0 pilnP 
<7^ v KB 5 7 liMa^#p;£i*B 5 5. 
F3fe»^SSB5 6±lrili^LTiBg$^.-S) 0 pllnP 
■7 ^ -y KB 5 7 (£»ft!Stofc:BJ5l± 0 . 5//m. 
;«Jt p li 1 x 1 oWcm-^x-fo&o pSlnGaAsP3 

LTiSS*+L^ 0 l/-!ffflpllfi5 9l^#ftU-f 
SPICIEM^ftTiiaVS ^ KB 5 8±(cl£lf ibjl-u Tfc^IlS 

i /P t /Au(D#B^ffiA^^C-5o *ilnftl|m 

*i6 i i*s$K5 i mmzm\t^Hi>o r>mn&6 i i*a 

u/G e/N i / A uCD^B^Mfr 
[0 0 4 3] *H!S01JT?I*. ^ft^#Pj§t£B5 5. & 

u:^a^#P7t#iK£§B 5 6£fltri^f a^x^B. 
/<U7Bl*. J£7j|*<»I2iia^#pBcD¥i$)Mfi*<lEcD 
at ft *«fc 31= Rl/BJ^tS^-f -So C*i|= 
J: l J. *HS60iJ-CI*. ftJfeCDOxyUfcD^l^^AL 

^icis^fflfitMMa^pBro^isma 

A<+0. 2%~ + 0. 6%(DBIi:4-|iJ: 3lc^x;u 
B, &t//\* l JTB<Dfclj£. S.t/Bi?£t$S L/cif^l:: 

[0044] &i=nfti=oi\?K9irs. ±&<n&o 
i=, ^a^f-#p S14B 5 5 ^t^-r^^x^ji, 
y TJBi*aa*#p s 6 £ftj$-r .i)^x;u 



B, 2&I//\''JTB<fcy tJ?<ftoTl^-5„ I?#plf 
l*363&ttftA>K**^ (Eg) li#p"BJ»l=te# 
L. #pB#J?lMii: E gli/Jx£ < ttoT. MM. 

?#fi® e g i*na^#P/T&i4B 55©iEgi 

»T#P7fc*&8&B5 6<DfilE g 2 £y 4,/Jn£ <£-g> 0 

9tftlnlfg6 iFsllCp n^|C^LIH73fSj<D/W 
T^.^EPiD-r^CtlC.fcy. ^»^#PiSt4B 5 5 ICS 
SS^;tALTa^«$-t±i,<t. U— IfJlfcttftailMMI 

H8Ti*Eg2 >E g i &<z>t-. ?RiR$^-rirag®^t»® 
yai**i*. £aHSf=%&H«apiiitt&6o 

An-r $ t aa^p^aaa 5 6 <Dm*m&~>jL $ ;u 

rMMift/Oh^f^Eg' 2 1*, Eg' 2 <E g 
1 <h&ic^ft^#j5St4B5 5<©tt«ky^* <ft-i>© 

u— y*i*3ii6aB»-e«j|ji**iji!i*-r*. ^^r. 

[0 0 4 5] CCT*. *HJS0iJr-(*, ±iE0)cfc5l^. 9 

fltjs-r-s-tJx^B. si/znutbi*. js^tiKJt&aa?- 

#pB<D¥$^fi*<IE(Dffi<tft£,fc5l=^0m;5£. S.U 

^xjuaroaas^fKrscttfRiatfty. * 

fc, ^x;ugfe££< TSC,fc;!)<pJt& 1 bft£„ Sot, ¥ 
ag{*U— tFgglcotNrii. IS^pgttlS 5(D*t7X 
ju«o>aa*:fc#< -Tactic j: y. L*iMi«»©ft 

a. »*&*(DlRl-t*. *fc. ->l^»*J<t4 = i 

1±CDlDl±?lli)C<»:7b<T?^.S)„ 7taHiaSPf=oi\ 
rii. ll^pjfeiSSls eooi^KDitJA 
*<-r«ci(=j:y» ansajsawbtfaa-es. * 
fc. •t7x;usa*^<-rscti=«fcy s l — - ^on/o 

[oo4 6] &fc\ ±fBst£^j-Trii. ¥«i*%ans& 
i^tt u-+f? H-aaLbi=—t*ft Lfc*aM»ft*a 

[0 0 4 7] *fc, J£73*f«l!^«^#pB 
?U-+FWS1±B. &i;jfi?gnl^MtiS<D7t*;K£SBt U 

raixf=a*Rra¥a#L — ■#iztmm-e$. zom-s 

It. ^a?^#<T-tactlcJ:or«L^l^fii^b. t? 

x ;ubis£ ? ^ < r- # a c t ic y <caa nja ? nsi 
[0 0 4 8] *^b^i* n feaffi{R£a*?#F 

C<Dig^l* s Ox;uBSfA<^< T'^-SCtlzJ: 
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[0 0 4 9] 

[myxD&sm] hl±g>&5iz % z.<r>%m\z^\t, ats 
aa^#Fii£*-f .sfcaMcasivc, ±§Bjs:*j*i«i!ii 

a^-#F»<B¥l$aa*<IEa>tt-e&*ilU*i: Lfc*^. 
aa*#Fa<DB#HJt*£*#<-f CtL 
l=ck yaaT#FSG>ISi+OT &y . 

[0 0 5 0] *fc. COT^B^lCck^li, «tS±|r3tSlc 

<t , **s»A<±iBatffi * y /h $ y mm t * & a 

l6»*l«SS«T-#FJI©^5«A<+0. 2%~ + 
0. 6%(DSHlcfc^,^t Lfcfr&. llT-ffpIfl) 

^#FJt©t£ft©gfi3Jtrfi<*£< &y. ttttcogftfc^ 

#{*ga*s«i::*3iT?*s3i!ia;ii<&-5. 

[0 05 1 ] £fc, c©«W(=«t*tli, »tS±lc3cSlc 
«Jl$Hfc, tt^-&ttftt±E*4EJ: U ii*#l*Sttaj| 
<!:, *&^5£l&#±fE«4Ecfc y/h*t>5l»ySil4:^6JS: 

[0 0 5 2] &tz. ^(OmMiz^JMt. S*5-hlc3SSIC 

mmtstitz. »^jg*A<±iB*««fcyt*#i^tta» 
<ts ^T-sa^aBStRcfc y^s u5i»yajit^6.3S: 

»A<+0. 2%~+0. 6%<7>|GHl::fc&*iJ&<t Lfcfr 

^*ii=«fcyaa^-#Ffli©«tf©e*«A<*#<6: 

[0 0 5 3] CCD^SJIC^tLli*. Sfe±l=3cSI~ 

an^^tfc. »TSifs^±sB»«i«fcy ***iyiieaa 
£ . & : f-fcm<±tmm * y 4* 3 i*sia y aa £ & & 
«j6*a«aaa^-#Fa* **attat Lra^fc* 
*f*3te*««i=a3i*-c\ ±jHJ6A*i«aaa*#p«© 
spiaaa^jEroa-efcftflirtt Lfc*^ ii^#fi 

#Fiia)^i+ro^ssA<^# < % y . tt&omtitz^m 

[0 0 5 4] &tz. c©*Wl;j:*ili. *tt±l=3££lc 



afcaaaaaa^FBSfcaaaai LTfis*.fc¥ 
»#3fc*»«i=fc^T. ±ieifca««aaa^#FBa> 

W-t$)mm.tf+0. 2%~+0. 6%<75®Hlcfc^^EE,»: 

Lfc*^. aaT-#j*B©a#w«B.£i#i::*# <■*-*;: 

[G9Ba>ffi*&&l3fl] 

[in *ftw<Dmi(DmMM{z&z>!¥.mtt.mmzm 
^tzi^izn^-otzmmzmi^tz^^om'i&^^tmx' 

[S2] m i i-*T^;u£m*T*T£i:ofcii®scD5t 

l+S^i^at Sit 7 * p 5?— ©«« 

[13] *£9la>*1<7>£attr=,fcS¥a{tSB£* 
S f= to iz'nta o fc Hfiur ffl i n tzteO) =E "rJUOfllB £ f*-f 

[IH4] iiisic^^r^ffli^TiT&of-iiiaajfi 

mo&mz&'J^XVE l&Ltz. ^+L-?^.0)a»^#F^ 
<D¥^^aicfc If £> -7 £ if^ 7 * a v— 

[is] **wj=«ty» ii^p^ssts^i^ 

If ©^S £ :*: £ < "T 3 C£ A<tr £ -i> c t £lftBj-r -5 fc tb 
[HI6] *^BJCDm2C0§liS<5i)lcd:^. ;St4^lci573 

««aaa^#FB*ffli^fc*a*j6***u— y 1 ^* 

[0 7] !6fl)#«ftU- tfrois^iiMsaa^^F 

©steaAtfftawarojfe^sttaizjfcAttasaa^ 
#FJi^fflL^f-7 l c^ps#¥#^*^-if$*•r^9T®0-c 

O ffi * Bt ffi El "C & o 

[nun tt*a)*an*g«<Dj6*ffl«ss*?-#F 

if <D ffife £ ittBJ f £ fc <56 (7) El fc ^> o 

1 InPSS, 2 InPi, 3 JSAMiilt? 

4 I nPJl. 1 1 I n0.9 G a 0. 1 A s 0. 52 
P0.48^X>UJi. 12 I n1-x Gax A syPl-y /\ 
l JTM. 13a, 13b I nO. 85G a 0. 15A s 0. 32 P 
0.68H. 2 1 I n0.84Ga0.16As0.65P0.35^x;U 
22 I nl-x Gax A s y P 1»y /\ »J TM+ 31 
pSlnPiS, 3 2 pIInP^^^Ki, 3 3 

fcMmmm&*#wm. 34 nsup^^K 



(9) 



ffiW- 8-7 8 7 8 6 



1, 3 5 pilnPia^S, 3 6 nSlnPSSSS 
yny^m. 37 pll nPiS^P^^B, 38 
pfiH«a. 3 9 nfflOWi, 40 g&HM. 41 
;UH. 4 2 /\*'J7I, 43a P SlnGaAsP3t 
BHtiitolB. 43b nil nGaAsP*Htii«) 
If. 5 1 nil nPSfi, 52 niInP?7'VF 
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2 : InPS 

3 : **ffi«3asa^#p 
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is 5 3 InGaAsP3t*VKl, 5 4 @&rf& 
^ 55 **»«aSS«^-#FSttJi. 5 6 J£*)*S 

<RBfi*?#F%*atIMK 57 pilnP^^K 

H. 58 pil nGaAsP3>^^hI, 59 U 

— tFJBpffiOSfi, 6 0 ^taSfflpffliJSS. 6 1 ft 
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0.0 0.2 0.4 0.6 0.8 

¥*3M (%) 



o tm 



[04] 
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